The analysis of fish age data is vital for the successful conservation of fish. Attempts to develop optimal management strategies for effective conservation of the endemic Labeobarbus species are strongly affected by the lack of accurate age estimates. Although methodological studies are key to acquiring a good insight into the age of fishes, up to now, there have not been any studies comparing different methods for these species. Thus, this study aimed at determining the best method for the endemic Labeobarbus species. Samples were collected from May 2016 to April 2017. Asteriscus otoliths from 150 specimens each of L. intermedius, L. tsanensis, L. platydorsus, and L. megastoma were examined. Six methods were evaluated; however, only three methods resulted in readable images. The procedure in which whole otoliths were first submerged in water, and subsequently placed in glycerol to take the image (MO1), was generally best. Except for L. megastoma, this method produced the clearest image as both the coefficient of variation and average percentage error between readers were lowest. Furthermore, except for L. megastoma, MO1 had high otolith readability and no systematic bias. Therefore, we suggest that MO1 should be used as the standard otolith preparation technique for the first three species, while for L. megastoma, other preparation techniques should be evaluated. This study provides a reference for researchers from Africa, particularly Ethiopia, to develop a suitable otolith preparation method for the different tropical fish species.
Introduction
The endemic Labeobarbus species in Lake Tana are the only remaining known intact species flock of large cyprinids in the world [1] . Labeobarbus species are the most economically and ecologically important fishes in Lake Tana. However, because of their migratory and spawning aggregation behaviours [2] and specialized endemic characteristics [3] , Labeobarbus populations are highly susceptible to illegal fishing and environmental degradation. As a result, their abundance has markedly declined [4] [5] [6] [7] and six of the seventeen species have already been listed in the IUCN (International Union for Conservation of Nature) Red List as threatened species [8, 9] . Therefore, the conservation of these species is urgently needed. 
Sampling Design
Four sampling sites were systematically distributed over the lake and together represent the open-water zone of the whole lake. For site selection, we considered the cardinal directions north, south, east, and west of the lake; presence of the major tributaries, which are an ideal breeding grounds of the migratory Labeobarbus species in the lake; and the major fishing grounds. Sampling was conducted each month from May 2016 to April 2017 at all four sites. We used 10 multi-mesh gill nets consisting of 6, 8, 10, 12 , and 14 stretched mesh sizes and monofilament gill nets of 4 and 6 cm stretched mesh size. Multifilament gill nets were set for 16 h, around 16:00 to 08:00, and were lowered to the bottom using anchors. The monofilaments were set during the daytime from 08:00 to 10:00. The identification of Labeobarbus spp. to species level using keys took place immediately after capture [11] . The majority of the Labeobarbus spp. caught by gill net died, but those that were caught without major injury were quickly identified and returned to the lake. Fork length of each specimen (to the nearest 0.1 cm) and total weight (to the nearest 0.1 g) were measured in the field using a measuring board and a precision balance. After dissection, the gonad maturity of each specimen was determined using a seven-point maturity scale [28] and each fish was sexed. For growth zone counts, four species-L. intermedius, L. tsanensis, L. platydorsus, and L. megastoma-were selected. Species selection was based on their prevalence in the commercial catch. All specimens selected for growth zone counts were beheaded and samples were transported using an ice-box to the fisheries laboratory in Bahir Dar University for otolith extraction.
Otolith Preparation Methods
Of the three otolith pairs within the Cyprinidae family, asteriscus otoliths are the largest and have the most suitable hard structure for aging [29] [30] [31] . A total of 150 asteriscus otolith pairs were collected from each of the four Labeobarbus species. Otoliths were cleaned by removing the attached tissues and were preserved in 45% glycerol using labelled micro-centrifuge tubes. In order to 
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Otolith Preparation Methods
Of the three otolith pairs within the Cyprinidae family, asteriscus otoliths are the largest and have the most suitable hard structure for aging [29] [30] [31] . A total of 150 asteriscus otolith pairs were collected from each of the four Labeobarbus species. Otoliths were cleaned by removing the attached tissues and were preserved in 45% glycerol using labelled micro-centrifuge tubes. In order to ascertain the best method to obtain a clear view of the core, edge, and growth increments, we tried out a number of different otolith preparation methods. These preparation methods included (1) whole otoliths submerged in glycerol and water and (2) otoliths that were sectioned and stained. A detailed description of the different otolith preparation methods is given in the following sections. The left otolith was generally used, but if it was broken or lost, the right otolith was used instead.
Whole Otolith Submerged in Glycerol and Water
The effect of glycerol and water to enhance the visibility of the growth zones was evaluated. Whole otoliths were first immersed in glycerol at different time intervals. For example, the whole otoliths were immersed in glycerol for 2, 4, 6, 8, 12, 14, and 16 hours and the visibility of the growth zones at each time interval was examined. Similarly, the same otoliths were submerged in water following the same procedures used for glycerol. In order to remove the effect of glycerol, otoliths were rinsed using acetone, cleaned, and dried prior to submergence in water. The combined effect of glycerol and water was also evaluated. The whole otoliths were first submerged in glycerol before transferring them to a water medium to take the image for growth zone count, or vice versa. Whole otoliths were placed in a black bowl filled with glycerol or water using forceps and an image was taken using an AxioCam MRc camera attached to a stereo-microscope using reflected light at 10X magnification.
Sectioned and Stained Otoliths
Prior to sectioning, whole otoliths were cleaned using water, dried, and embedded in black resin. A mould with six rows was used to embed the otoliths. The black resin was first poured on each row and then, depending on the size of the otolith, 9-10 whole otoliths were placed on each row using forceps. The embedded otoliths were allowed to dry for 12 h. After fully drying, a top layer was added and allowed to harden for an extra 12 h before sectioning. Finally, an approximately 0.45-0.50 mm thick transverse section was cut through the nucleus using a high-speed saw rotating at 3000 rpm (ATM BRILLANT250).
After sectioning, otoliths were stained using 100% of a neutral red solution and the enhancement of growth zone visibility was checked at 1-minute intervals for 30 min. As this trial did not give a good result, we also tried to stain the otoliths using 50% of the solution. Moreover, as an alternative to the neutral red solution, alizarin solution was used. Using this solution, otoliths were stained for 30 min and growth zone enhancement was checked at 1-minute intervals. Additionally, otoliths were also stained for 1 h without interruption. Besides the sectioned otoliths, we also stained the whole otoliths using both solutions. Both reflected and transmitted light was used to take images of the sectioned and stained otoliths at 16X magnification.
Preliminary Evaluation of Otolith Preparation Techniques
A preliminary evaluation was made based on the clarity and contrast of the images (Figure 2) . Of all the examined otolith preparation methods, three methods did not produce distinguishable growth zones. More specifically, (1) the method using sectioned otoliths, (2) the method using stained otoliths, and (3) the method using otoliths submerged in water and remained in the water to take the image. Thus, these methods were omitted at this stage and otolith preparation was continued using only the three methods that produced distinguishable growth zones, core, and edge. These methods are the following: (1) method 1: whole otoliths were first submerged in water for 16 h and the image was taken while the otolith was placed in glycerol (MO1), (2) method 2: whole otoliths were first submerged in glycerol for 14 h and the image was taken while the otolith was placed in water (MO2), and (3) method 3: whole otoliths submerged in glycerol and remained in glycerol to take image (MO3). For MO1, whole otoliths submerged in water for about 16 h resulted in clear images, whereas for MO2 and MO3, whole otoliths immersed in glycerol for about 14 h produced relatively good images. The data from these three methods were retained for data analysis Otolith preparation and examination was undertaken in the Flanders Research Institute for Agriculture, Fisheries, and Food (ILVO) in Belgium. Growth zones were annotated on the digital otolith image using SmartDots software (www.smartdots.ices.dk). Growth zones were visible as translucent (dark) and opaque (light) zones when examined under reflected light. Counts of translucent zones were made along an anterio-dorsal transect situated on the otolith rostrum. All otoliths were examined by two experienced readers unfamiliar with these species and working independently. Readers had no previous knowledge on the date of capture, size, and sex of the fish. Each reader read each otolith once and the reader's confidence to otolith readability was assigned as follows: easily readable (Q1), moderately readable (Q2), or unreadable (Q3).
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Translucent Zone Count Precision and Bias
Both statistical and graphical methods were used to compare the bias and precision between readers and methods. The precision between readers and methods was measured using the average percentage error (APE) [32] , coefficient of variation (CV) [33] , and percentage of agreement (PA). The APE and CV are the most suitable and statistically sound measurements of precision [19] . Although PA can be used as an index of precision, it is often not considered as a suitable measure as it widely varies among species as well as among ages within a species [32] . The PA is the ratio of the number of agreements between the paired readings to the total number of readings made by the two independent readers. The APE and CV were computed by the following formula:
where N is the number of fish whose otoliths were read, R is the number of times otoliths were read, X ij is the ith read for the jth fish, and X j is the average estimated growth zone count of the jth fish. Count-bias plots were produced to visualize the deviation of readings between the methods and readers from the 1:1 equivalence line [34] . Although none of the three methods was validated, otolith images from MO1 were clearer and sharper, which would likely lead to fewer errors in growth zone count. Additionally, the precision of MO1 was better than the other methods for all four species. On this basis, we assumed that growth zone counts from MO1 are reliable and, therefore, we compared growth zone counts from MO2 and MO3 with those from MO1, which is considered as a reference count. Similarly, growth zone counts from MO2 were compared with those from MO3, because the precision for MO3 was better than for MO2. The null hypothesis that the mean of the none-reference counts did not significantly differ from the reference counts for each reference count was tested using a paired t-test. The mean difference of the growth zone counts assigned by the two readers for each method was determined using an independent t-test. One-way analysis of variance (ANOVA) was used to determine if there were significant differences among mean growth zone counts derived from the three methods. The null hypothesis that there is no symmetric difference in growth zone counts between readers and methods was tested using a Bowker's chi-square symmetry test [35] .
In order to reveal if the difference between the growth zone counts of the two readers and among methods was consistent, a linear regression was computed. The slope and intercept of the regression line were tested for significant difference from 1 and 0, respectively. For the regression analyses between readers, growth zone counts from reader 1 (R1) and reader 2 (R2) were used as an independent and a dependent variable, respectively. As both readers had relatively the same otolith reading experience and both of them were unfamiliar with these species, we randomly chose growth zone counts from R1 as the independent variable. The mean of the paired reads was used for the regression analyses between methods. For the regression analyses between MO1 and the other methods, growth zone counts from MO1 were used as an independent variable, while growth zone counts from MO3 were used as an independent variable for the regression analysis between MO2 and MO3.
The null hypothesis that the mean difference between paired growth zone counts is zero was tested using a paired t-test. Otolith readability based on the confidence rankings assigned by the two readers was tested using a Mann-Whitney U test. A Kruskal-Wallis test was used to determine otolith readability among methods. Confidence rankings from R1 were used for this analysis. The pairwise comparison of the otolith readability between methods was made using Dunn's test with p-values adjusted with the Benjamini-Hochberg method. When a reader's confidence to otolith readability was assigned as Q3 (an unreadable), it was discarded from the analysis to ensure equal sample sizes for the three methods. The periodicity of growth zone deposition was validated and the growth zone deposition rate in asteriscus otolith of the studied species was proven to be annual [36] . Data analysis was undertaken using R software (version 3.5.0, R Developer Core Team, R Foundation for Statistical Computing, Vienna, Austria).
Results
Length Frequency
Fish size ranged from 10-65 cm fork length (FL) for L. intermedius, 12-45 cm FL for L. tsanensis, 12-65 cm for L. platydorsus, and 12-57 cm for L. megastoma. The majority of the specimens of L. intermedius, L. tsanensis, and L. platydorsus were within the length groups of 15-20 cm (18 cm mid-length) and 20-25 cm (23 cm mid-length), while specimens with a fork length of more than 33 cm of were rarely caught ( Figure 3 ). For L. megastoma, a high length frequency was recorded for specimens that were included within the length groups of 25-30 cm (28 cm mid-length) and 30-35 cm (38 cm mid-length), whereas specimens larger than 38 cm were rare ( Figure 3 ). growth zone deposition rate in asteriscus otolith of the studied species was proven to be annual [36] . Data analysis was undertaken using R software (version 3.5.0, R Developer Core Team, R Foundation for Statistical Computing, Vienna, Austria). 
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Otolith Readability
For both readers, otoliths prepared using MO1 resulted in higher readability than the other methods for the four species (Figure 4) . Readability of the growth zones of otoliths prepared using MO2 and MO3 was inconsistent. It was often difficult to delineate the growth zones around most of the sections, which likely led to misinterpretations. Regarding the otoliths prepared using MO1, both readers were able to read the growth zones (Q1 and Q2) in 100% of the samples for L. intermedius and L. tsanensis and in 99% of the samples for L. platydorsus and L. megastoma, while there was a 
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Precision and Bias between Readers
Age composition of the studied fish species based on the three methods did not exhibit large variation ( Figure 5 ). Although growth zone counts distribution derived from MO3 was only slightly wider for L. intermedius, L. tsanensis, and L. platydorsus, while MO1 and MO2 resulted in the same growth zone counts distribution. For L. megastoma, growth zone counts distribution derived from MO1 was slightly wider than the other methods. Growth zone counts of 4 and 5 were dominant for L. tsanensis and L. platydorsus, while growth zone counts of 5 and 6 were dominant for L. intermedius, and 3-5 for L. megastoma. The relationship between length and growth zone counts for the four studied species is depicted in Figure 6 .
The reproducibility and uncertainty of the growth zones counts from all three methods were evaluated by means of CV, APE, and PA with respect to comparisons between readers. The CV and APE values between readers were generally low for all methods for L. intermedius, L. tsanensis, and L. platydorsus, while these were relatively high for L. megastoma (Table 2 ). MO1 resulted in more precise age readings for L. intermedius, L. tsanensis, and L. platydorsus than did MO2 and MO3. This is indicated by the low CV and APE values ( Table 2 ). For L. megastoma, MO1 and MO3 exhibited equal precision, while MO2 yielded relatively low precision (Table 2 ). In all three methods, the CV and APE values were the lowest for L. intermedius and generally the highest for L. megastoma. Growth zone count assignments by the two readers had a relatively poor percentage of agreement for all three methods and four species (Table 2) . Compared with the PA of the other methods (Appendices Figures A1  and A2 ), the PA between readers for MO1 was relatively high for L. intermedius (69%), L. tsanensis (60%), and L. platydorsus (68%). Additionally, the PA for MO1 at age 1 and ≥2 absolute differences, respectively, was low for L. intermedius (25%, 6%), L. tsanensis (34%, 5%), and L. platydorsus (29%, 3%) (Figure 7a,c, Figure 8a , histograms in the y-axis), while these values were relatively high for MO2 and MO3 (Appendices Figures A1 and A2 , histograms in the y-axis). However, for L. megastoma, the PA at age zero and 1 absolute differences was relatively the same for all three methods (Figure 8c and Appendices Figure A2 , histograms in the y-axis). The PA for this species was low compared with the other species.
Age composition of the studied fish species based on the three methods did not exhibit large variation ( Figure 5 ). Although growth zone counts distribution derived from MO3 was only slightly wider for L. intermedius, L. tsanensis, and L. platydorsus, while MO1 and MO2 resulted in the same growth zone counts distribution. For L. megastoma, growth zone counts distribution derived from MO1 was slightly wider than the other methods. Growth zone counts of 4 and 5 were dominant for L. tsanensis and L. platydorsus, while growth zone counts of 5 and 6 were dominant for L. intermedius, and 3-5 for L. megastoma. The relationship between length and growth zone counts for the four studied species is depicted in Figure 6 . The reproducibility and uncertainty of the growth zones counts from all three methods were evaluated by means of CV, APE, and PA with respect to comparisons between readers. The CV and APE values between readers were generally low for all methods for L. intermedius, L. tsanensis, and L. platydorsus, while these were relatively high for L. megastoma (Table 2 ). MO1 resulted in more precise age readings for L. intermedius, L. tsanensis, and L. platydorsus than did MO2 and MO3. This is Figure 6 . Relationship between fork length and the count of the number of translucent zones in the otoliths for the four studied Labeobarbus species in Lake Tana. Overall, the mean non-reference growth counts did not significantly differ from each corresponding reference counts for all four species (paired t-test, p > 0.05). However, the mean difference between non-reference and reference growth zone counts (y-axis) plotted against the reference counts (x-axis) exhibited a minimal relative bias from the line of the agreement for each method and species (Figure 7a Figures A1 and A2 ). For MO1, the mean non-reference growth zone counts for the young specimens of L. intermedius, L. tsanensis, and L. platydorsus were only slightly higher than the reference counts, but the reverse was true for the old specimens (Figure 7a,c, Figure 8c ). However, for L. megastoma, mean non-reference growth zone counts for both the young and old specimens were higher than the reference counts (Figure 8c ). In general, for L. intermedius, L. tsanensis, and L. platydorsus, differences from the line of the agreement were relatively small for MO1 (Figure 7a ,c, Figure 8c ) compared with the other methods (Appendices Figures A1 and A2 ).
Precision and Bias among Aging Methods
The precision of age readings derived from the three methods for the four Labeobarbus species was generally good ( Table 2 ). The lowest CV and APE values were computed from MO1 versus MO2 and MO2 versus MO3 for L. intermedius, L. tsanensis, and L. megastoma, while these values were low only between MO2 and MO3 for L. platydorsus ( Table 2 ). The PA values between MO2 and MO3 were slightly higher than the other methods ( Table 2) . For all comparisons between methods, the discrepancy at a zero difference was high for all four species (Figure 7b Table A1 , right, histograms in the y-axis), although the discrepancy at age 1 absolute difference was also high in some cases.
Even though there was no significant difference between the mean non-reference growth zone counts and each corresponding reference count (paired t-test, p > 0.05), the age bias plots for comparison of the three methods revealed a discrepancy from the line of agreement (Figures 7 and 8 and Appendices Figures A1 and A2, right) . For most species, MO2 and MO3 underestimated the growth zone counts of old individuals relative to MO1. These trends were also apparent in plots of MO2 and MO3 counts of growth zones. Differences between the mean non-reference growth zone counts and the reference count increased with the number of growth counts for all three methods and four species. The discrepancy began at count 4 for L. megastoma, at count 6 for L. platydorsus, and at count 8 for L. intermedius and L. tsanensis (Figures 7 and 8 and Appendices Figures A1 and A2, right ). This suggests that the level of count precision among methods could be lower when counting growth zone from old fish. Water 2019, 11, 1336 13 of 23 
Statistical Comparisons of Growth Zones Counts between Readers and Methods
A one-way ANOVA test revealed no significant difference among mean growth zone counts derived from the three methods for all four species (L. intermedius, F(2, 381) = 0.04, p = 0.97; L. tsanensis, F(2, 384) = 0.23, p = 0.80, L. platydorsus, F(2, 309) = 0.05 , p = 0.95; and L. megastoma, F(2, 294) = 0.48 , p = 0.62). Except for L. megastoma, growth zone counts between readers for the three methods and three species were not significantly different (Table 3 ). This suggests that there was no significant count bias between readers, except for L. megastoma. Moreover, for L. intermedius, L. tsanensis, and L. platydorsus, there was no evidence of systematic disagreement for growth zone counts assigned between R1 and R2 using MO1 and MO3, while this was significantly different for L. megastoma (Table  4) . However, the growth zone counts assigned between R1 and R2 using MO2 revealed symmetric 
A one-way ANOVA test revealed no significant difference among mean growth zone counts derived from the three methods for all four species (L. intermedius, F(2, 381) = 0.04, p = 0.97; L. tsanensis, F(2, 384) = 0.23, p = 0.80, L. platydorsus, F(2, 309) = 0.05, p = 0.95; and L. megastoma, F(2, 294) = 0.48, p = 0.62). Except for L. megastoma, growth zone counts between readers for the three methods and three species were not significantly different (Table 3 ). This suggests that there was no significant count bias between readers, except for L. megastoma. Moreover, for L. intermedius, L. tsanensis, and L. platydorsus, there was no evidence of systematic disagreement for growth zone counts assigned between R1 and R2 using MO1 and MO3, while this was significantly different for L. megastoma (Table 4) . However, the growth zone counts assigned between R1 and R2 using MO2 revealed symmetric bias for all four species (Table 4) . No systematic bias in growth zone counts of the different methods was found, except those between MO1 and MO2 for L. megastoma (Table 4) . Table 3 . The mean number of growth zones counted by reader 1 (R1) and reader 2 (R2) for each of the three methods of four Labeobarbus species in Lake Tana. Table 4 . Analysis of Bowker's chi-square symmetry test, comparing pairs of growth zone counts between readers and methods applied to the four Labeobarbus species in Lake Tana. "ns" refers to no significant difference. "*" and "**" refers to significant difference at p = 0.01 and 0.001, respectively. With respect to the methods, the slope and intercept of the linear regression between MO1 and MO2 showed a significant difference from 1 and 0, respectively, for L. tsanensis, L. platydorsus, and L. megastoma. Similar results were observed from the regression analyses between MO1 and MO3 for L. tsanensis and L. platydorsus and between MO2 and MO3 for all four species. The comparisons between methods did not reveal significant mean paired differences from 0 for most of the cases (Appendix C).
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Discussion and Conclusions
Age estimation based on the interpretation of growth zones usually involves judgment and subjective interpretation [19] . Errors in age determination are mainly related to the inconsistent periodicity of growth zones and systematic errors due to the validity of the otolith preparation method, interpretation problems of the aging structure, or experience level of age readers [21, 37, 38] . The latter could be minimized by describing a precise and accurate otolith preparation method [19] . The precision of otolith preparation methods can be computed using graphical and statistical methods, while a validated method for all age groups in the population is required to estimate accuracy [39] . Because validating all the proposed otolith preparation methods for all different age groups in the population is logistically challenging, it may be more efficient to select the most accurate technique first. The best method should, therefore, be validated for the rate of growth zone formation.
The process of growth zone formation is affected by a combination of factors including physical, chemical, environmental, and physiological aspects. Depending on these factors, different otolith preparation techniques may be considered as optimal [40] . Consequently, optimal otolith preparation techniques differ markedly among species. In order to assist the fisheries biologists and managers in selecting the best technique, we compared different otolith preparation techniques for the Labeobarbus species in Lake Tana. Selection of the appropriate otolith preparation method is dependent on the balance between readability (ease of annulus interpretation) and consistency (repeatability of growth zone counts) of the aging structures [41] . In this study, selection of the most suitable otolith preparation methods, out of the six evaluated methods, was undertaken based on clarity and contrast of the images. These methods that produced distinguishable growth zones, core, and edge were selected and compared to find the optimal method. Three methods including (1) the method using sectioned otoliths, (2) the method using stained otoliths, and (3) the methods using whole otoliths submerged in water and remained in the water to take the image did not produce readable structures and were omitted from the comparison, while the other three methods (MO1, MO2, and MO3) produced distinguishable growth zones, core, and edge. Similar to the findings of this study, problems with sectioned asteriscus otoliths to produce clear and readable growth zones were reported in previous studies [31, [42] [43] [44] [45] [46] . Higher readability and consistent age estimates were produced from whole asteriscus otoliths immersed in methyl salicylate than sectioned otoliths [43, 45] . Furthermore, both whole and sectioned asteriscus otoliths from Cyprinus carpio resulted in similar interpretation [47] , but the authors noted that sectioned asteriscus otoliths obscured the visibility of opaque zones close to the margin.
A comparison of growth zone counts from the three suitable otolith preparation methods within this study revealed that MO1 produced readable and consistent results for L. intermedius, L. tsanensis, and L. platydorsus in Lake Tana. Concerning the reproducibility of growth zone counts derived from MO1 by the two readers, the CV and APE values for L. intermedius, L. tsanensis, and L. platydorsus were lower than the average values in the literature (CV 7.6%, APE 5.5%) [19] , while these values calculated from MO2 and MO3 were slightly higher for most species. For L. megastoma, the CV and APE values between readers for the three methods were relatively high compared with average values in the literature. With respect to the methods, the CV and APE estimates were lower than the average values in the literature for the four species. The precision of the comparison between methods was generally higher than the precision of the readers. Additionally, except for L. megastoma, the count bias plots between readers for MO1 revealed less bias relative to MO2 and MO3. Furthermore, MO2 and MO3 underestimated actual growth zone counts, particularly for old individuals, relative to MO1. This is most likely because of the poor clarity of the images, suggesting that using these methods for precise and accurate growth zone counts of the Labeobarbus species is difficult. In contrast, the precision estimates and count bias plots indicated that MO1 provides consistent counts of growth zones for L. intermedius, L. tsanensis, and L. platydorsus. These results sustain the choice of this method for age determination of these species.
The suitability of MO1 for growth zone counts of the three Labeobarbus species was further supported by the statistical comparisons and by the assigned scores for readability, which were best for MO1. Except for L. megastoma, there was no evidence of a symmetric difference between R1 and R2 for MO1 and MO3, while this was significantly different for MO2 for all species. Although the regression and paired t-test analyses revealed significant difference for some of the cases, the slope and intercept of the linear regression for MO1 were much closer to 1 and 0, respectively, compared with the other methods. Moreover, the mean difference was smaller than 0.18 for MO1, while this difference was generally higher for the remaining methods. Otoliths prepared using MO1 were perceived to have good readability, as indicated by the quality scores given by readers, showing that growth zone interpretation was relatively easy for this method. Both readers felt growth zones on otoliths prepared by MO1 were better defined and relatively easy to interpret and had higher confidence than in growth zone counts they made from MO2 and MO3. More than 99% of the otolith samples prepared using MO1 were readable at AQ1 and AQ2 confidence rankings.
The underestimation of the growth zone counts, particularly for the older fish using MO2 and MO3 relative to MO1, occurs because of the presence of false rings, difficulty in following the growth zones around the otolith, and invisibility of growth zones at the edge of the otolith leading to misinterpretation of the growth zones. Imprecise and inaccurate interpretation of growth zones leads to incorrect estimation of growth and mortality parameters, which in turn may have drastic implications for fish stock assessment and fisheries management. The information generated will be useful to fisheries managers and researchers to select the most appropriate otolith preparation method for age determination of the selected fish species. Therefore, as MO1 resulted in less error, we conclude that this method should be accepted as standard protocol for preparation of the otolith of L. intermedius, L. tsanensis, and L. platydorsus for reading. Concerning L. megastoma, more research is needed before a conclusion can be drawn regarding the most suitable method. Description of the best otolith reparation method is the first step in the extraction of useful information about a fish. Although there have been efforts to compare different otolith preparation methods for some of the South African fish species [43] , a lot still needs to be done to ascertain optimal method development and method selection for the tropical freshwater fish species. The aim of this study is to fill this gap by describing the best method for the Labeobarbus species in Lake Tana and providing a reference for researchers from Africa, particularly Ethiopia, to develop or select suitable otolith preparation methods for the different tropical fish species.
